The study investigated the effect of supplementation of chromium propionate at different dosage levels (100 to 3,200 µg/kg of elemental chromium in feed) on the performance, carcass characteristics, and immune response of broiler birds. The study was conducted on male broiler chickens (Cobb 400) for a period of 42 d as per the completely randomized design. Seven hundred 1-d-old birds were randomly segregated into 7 treatment groups, each with 10 replicates, and each replicate having 10 birds. Weight gain, feed intake, carcass characteristics, immune response, and the serum biochemical parameters of birds were studied during the supplementation period. There was no significant response to chromium supplementation on weight gain, feed intake, FCR, and lymphoid organ weights for the overall study period of 42 d. With increased chromium dosage, the breast meat yield improved linearly (P = 0.045). Antibody response to Newcastle disease vaccination improved quadratically (P = 0.001) with increased dose of chromium in the diet. Improved cell-mediated immune response was indicated by the increase (quadratic, P = 0.00) in lymphocyte proliferation ratio with increased dose of chromium supplementation. Heterophil:lymphocyte ratio decreased (quadratic, P = 0.004) with chromium propionate dosage, suggestive of reduced stress levels. Chromium propionate supplementation also reduced serum glucose levels (quadratic, P = 0.008) and improved (quadratic, P = 0.016) the total protein levels.
INTRODUCTION
Chromium is an essential trace element required for carbohydrate, protein, and fat metabolism (Evans and Bowman, 1992; Chen et al., 2006) . Although there are no specifications for chromium in poultry diets (NRC, 1997) , several studies provide evidence for improved performance with supplementation of chromium (Sands and Smith, 1999; . The benefits of supplementation are more evident during conditions of stress (Bahrami et al., 2012) and could be attributed to the effect of chromium in reducing the stress corticosteroid levels (Chang and Mowat, 1992; Moonsie-Shageer and Mowat, 1993; Rajalekshmi et al., 2012) .
Chromium is also reported to have immunomodulatory effects (Kegley et al., 1996; Borgs and Mallard, 1998) , which is assumed to be an indirect effect of the influence of chromium on the secretion of glucocorticoids, because corticosteroids have a depressing effect on the immune system (Samanta et al., 2008) . Another effect of chromium supplementation and resultant reduction in corticosteroid levels is an improvement in carcass quality (Sahin et al., 2003; Toghyani et al., 2006) because corticosteroids are shown to affect muscle protein synthesis (Temim et al., 2000) . Although there are reports on the effect of chromium on the immune parameters and carcass quality in broiler birds under stress Bahrami et al., 2012) , few studies have been designed to evaluate the influence of chromium supplementation under normal conditions of rearing.
Organic sources of chromium are more than 10 times more bioavailable than inorganic sources (Lyons, 1994) . Chromium propionate is an organic source of chromium absorbed more efficiently than few other organic chromium sources (Clodfelder et al., 2004) and is available as an additive for swine and cattle feed in the United States (AAFCO, 2013) . However, there is limited information on the dose response of chromium propionate on immunity, performance, and carcass quality of broiler birds. The current study evaluates the effect of increasing concentrations of chromium propionate 
MATERIALS AND METHODS

Experimental Birds, Diets, and Chromium Supplementation
The experiment was conducted with 1-d-old male broiler birds (Cobb 400) for the entire rearing period of 42 d as per the completely randomized design. The trial was conducted with 700 birds in a deep litter pen system at the Research Farm, Project Directorate on Poultry, Hyderabad, India. All experimental protocols were approved by the Institutional Animal Ethics Committee in accordance with the procedures specified by the Committee for the Purpose of Control and Supervision of Experiments on Animals regarding animal care and handling. One-day-old chicks were procured and male birds were separated by vent sexing method. The birds were weighed individually, wing banded, and randomly segregated into 7 treatment groups, each with 10 replicates, and each replicate having 10 birds. Organic chromium in the form of chromium propionate was supplied by Kemin Industries South Asia Pvt. Ltd., Chennai, India. It was supplemented at 7 graded concentrations of elemental chromium (0, 100, 200, 400, 800, 1,600, and 3,200 µg/kg of feed) to different treatment groups.
Maize-soybean meal and vegetable oil-based diets were used following a 3-phase feeding schedule (Table  1) . Diets for each phase were prepared as a single basal diet. Experimental diets for each treatment group were made by addition of chromium to the basal diet and mixing well, ignoring the weight of chromium supplementation added. The diets were analyzed for chromium levels by atomic absorption spectrometry (Sperling et al., 1992) , and the values are given in Table 2 .
Birds were given a Newcastle disease vaccination (NDV; LaSota strain, Indovax, New Delhi, India) primary dose on d 5 and booster dose on d 25 through the intraocular route.
Sampling, Measurements, and Methods of Analysis
Gain in weight and the feed intake were measured on d 21 and 42 of rearing. For weight measurement, individual birds were weighed and the mean weight of each replicate was calculated for each group. Feed conversion ratio (FCR) was calculated from the data collected on weight gain and feed intake. Livability data were collected on a daily basis. On d 35 of rearing, blood samples (3 mL) were collected from the wing vein of a bird selected randomly from each replicate, and serum was separated by centrifugation at 300 × g for 10 min at 25°C. The serum parameters glucose (Trinder, 1969) , total protein (Andreasen et al., 1989) , and albumin (Doumas et al., 1971) were measured using commercial analysis kits, as per the manufacturer's instructions (Merck, Mumbai, India). Serum antibody titer against NDV was determined by an ELISA (Synbiotics Corporation, San Diego, CA) method (de Wit et al., 1992) .
Another set of blood samples (3 mL) was collected from same bird, using heparin as an anticoagulant. Blood smears were prepared using May-Grunwald-Giemsa stain and heterophil:lymphocyte (H:L) ratio was measured based on a total of 100 cells (Gross and Siegel, 1983) . Peripheral lymphocyte proliferation assay was performed, as described previously (Kong et al., 2004) . In brief, the lymphocytes separated from whole blood were incubated for 44 h at 37°C under 5% CO 2 in 96-well culture plates and tested for blastogenic response in the presence of concanavalin A (Sigma Chemical Co., St. Louis, MO). Assay using 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide (Mosmann, 1983) was used to determine the lymphocyte proliferation ratio (LPR) by measuring the optical density at 570 nm with an ELISA plate reader (Bio-Rad Laboratories Inc., Irvine, CA).
On d 42, one bird selected randomly from each replicate was weighed, killed by cervical dislocation, allowed to bleed, and the carcass characteristics, namely, the relative weights of liver, heart, gizzard, giblet, breast meat, abdominal fat, and ready-to-cook yield, were evaluated (Odunsi et al., 2007) . Ready-to-cook weight was determined after removal of feathers, head, whole wings, toes, skin, and visceral organs, and ready-tocook yield was expressed in grams per kilogram of live BW.
Breast meat weight and abdominal fat weight were measured, and the yield was calculated as a percentage of live BW. Weights of internal organs (liver, heart, gizzard, and giblet) were also measured, and the relative weights were calculated as percentage of live BW. Abdominal fat (including fat surrounding gizzard, bursa of Fabricius, cloaca, and adjacent muscles) was removed and the weight was taken (Odunsi et al., 2007) . This was expressed as a percentage of the live BW. The lymphoid organs (thymus and bursa, and spleen) were separated and weighed. These were expressed as percentage of the total live BW.
Statistical Analysis
The experiment was conducted using completely randomized design where 700 one-day-old male broiler birds were randomly segregated into 7 treatment groups, each with 10 replicates, and each replicate having 10 birds occupying a pen. For all data, the pen of birds served as an experimental unit. Data were analyzed using the SPSS 12 for Windows (SPSS Inc., Chicago, IL) by conducting linear and quadratic contrasts, with consideration to the unequally spaced treatment levels. Probability of treatment effects are based on P < 0.05.
RESULTS
Performance
Body weight gain at 21 and 42 d of age were not affected (P > 0.05) by feeding varied concentrations of chromium from 0 to 3,200 µg/kg (Table 3) . Feed intake at 21 d of age increased quadratically (P = 0.046) with increase in chromium concentration in the diet. During the same period quadratic response (P = 0.014) in FCR was observed with increase in dose of chromium. There was no response (P > 0.05) to chromium supplementation on feed intake and FCR for the overall study period of 42 d. There was no mortality in any of the treatment groups during the experiment period.
Carcass Characteristics
The relative weights of liver, heart, gizzard, giblet, and abdominal fat and the ready-to-cook yield were not influenced (P > 0.05) by the supplementation of chromium in the diet (Table 4) . As chromium dosage increased, the breast meat yield improved linearly (P = 0.045).
Lymphoid Organs and Immune Responses
The relative weights of lymphoid organs (i.e. thymus, bursa, and spleen) were not affected by the supplementation of chromium propionate (Table 5 ). There was improvement in the antibody response to NDV with chromium supplementation (quadratic, P = 0.001). Similarly, LPR improved quadratically (P = 0.00) with increase in dosage of chromium supplementation (Table  5) . 
Serum Biochemical Profile
The H:L ratio (P = 0.004) and glucose levels (P = 0.008) decreased quadratically with an increase in dosage of chromium supplementation (Table 6 ). Total protein levels were found to be influenced by the dosage of chromium in the diet (quadratic, P = 0.016). Serum albumin levels were not affected (P > 0.05) by chromium supplementation in the diet.
DISCUSSION
The effect of chromium propionate supplementation on growth performance of broiler birds is reported to be variable (Jackson et al., 2008) . Previous studies showing improvement in weight gain and feed conversion with chromium supplementation (Sands and Smith, 1999; Sahin et al., 2003; Toghyani et al., 2006; Samanta et al., 2008) were mostly conducted under conditions of induced stress, whereas the current study was done under controlled experimental farm conditions with minimum stress factors. In agreement to the results of the current study, Motozono et al. (1998) reported that in the absence of any specific stress factors, the supplementation of chromium did not significantly affect the sixth-week BW in broiler birds. A similar observation was made by Anandhi et al. (2006) where the growth and feed intake of broilers were not improved by supplementation of up to 750 µg/kg of chromium as chromium picolinate. Chromium supplementation is reported not to influence livability in healthy birds (Kim et al., 1996; Anandhi et al., 2006) , and our results were in agreement to this.
Stress and the resultant release of corticosteroids are shown to result in reduction of muscle proteins and accretion of fat (Foury et al., 2005) . It has been observed that when exposed to chronic stress, the breast muscle of the broiler bird loses protein and is the last muscle to rebuild protein to replenish breast mass (Teeter and Wiernusz, 1994) . Several studies in poultry showed a decline in muscle proteins and increased fat deposition when exposed to stress (Bartov, 1982; Temim et al., 2000; Ozkan et al., 2003) . Chromium supplementation is reported to reduce the corticosteroid levels and im- prove carcass quality in broilers under stress (Sahin et al., 2003) . There have been reports on improved carcass quality with chromium supplementation, even in the absence of any specific stress factors, as observed in the current study. Anandhi et al. (2006) observed that supplementation of chromium picolinate to broiler birds under normal conditions of rearing results in improved breast and thigh muscle protein levels. Several studies have shown evidence of positive effect of chromium supplementation on the immune status of animals. Chromium supplementation is observed to enhance the immune response, either through a direct effect on the cytokines (Borgs and Mallard, 1998) or through the indirect effect of reducing the glucocorticosteroid levels (Samanta et al., 2008) . Myers et al. (1995) observed that dietary chromium supplementation has a positive effect on the IL-6 levels in swine. The number of calves responding to vaccination for bovine viral diarrhea was increased by supplemental chromium (Chang et al., 1996) . Furthermore, Burton et al. (1994) found chromium supplementation to improve peak antibody response of feeder calves to infectious bovine rhinotracheitis vaccination. However in the same study, there was no effect on antibody response to parainfluenza virus-3 vaccination. The authors suggested that the type of antigen influences the humoral immune responsiveness to supplemental chromium.
The finding on chromium propionate supplementation improving the antibody response of broilers to vaccination against Newcastle disease reported in this study is relevant in the poultry industry because it is one of the most contagious diseases leading to severe economic losses (Alexander, 1997 ). An improved antibody response can potentially result in reduced vaccination costs. Both humoral and cell-mediated immune responses are induced by NDV (Marino and Hanson, 1987) . Bhagat et al. (2008) observed chromium picolinate to influence interferon-γ expression in response to NDV in broiler birds and also observed that the dosage of chromium modulates the immune response. Bahrami et al. (2012) reported improved response to NDV in broiler chickens induced to heat stress, when supplemented with organic chromium. Improvement in LPR on supplementation of chromium propionate can be related to enhanced cell mediated immune response. Chromium is observed to improve the cell-mediated immune response in calves (Kegley et al., 1996) and poultry (Uyanik et al., 2002) . Feed- ing dairy cows with supplemental chromium enhanced lymphocyte blastogenesis following culture with and without concanavalin A (Burton et al., 1993) . Lymphocyte blastogenesis in response to phytohemagglutinin, a T-lymphocyte mitogen, was increased in stressed calves receiving supplemental chromium nicotinate (Kegley and Spears, 1995) . Bhagat et al. (2008) observed 500 µg/kg to be the ideal dosage of chromium supplemented as chromium picolinate for improved cell-mediated immune response, as expressed by the enhanced interferon-γ mRNA expression in response to NDV. We observed LPR to improve quadratically with increase in dose of chromium propionate supplementation. There was no influence of chromium propionate supplementation on the immune organ weights. The H:L ratio is reported to be a reliable index of stress response in broiler birds (Gross and Siegel, 1983) and the reduction in H:L observed during the current study could be indicative of reduced corticosteroid levels. Effect of supplementation of chromium propionate on serum glucose and protein levels was similar to previous reports with other sources of chromium (Sahin et al., , 2003 .
In summary, the current study suggests that supplementation of chromium propionate gives significant benefits in terms of improved humoral and cell-mediated immune responses, breast meat yield, and reduced serum glucose levels in commercial broilers. Reduced H:L ratio was also observed with chromium supplementation, suggestive of reduced stress levels. It remains to be evaluated whether similar effects could be observed with chromium propionate supplementation under conditions of induced stress and disease.
